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(54) Ventilator 

(57) A ventilator (40), designed for connection to a 
patient (42) to provide assisted breattiing, comprising a 
gas flow generator (52). a pressure meter (56. 60). a 
flow meter (58, 62) and a control unit (66), devised to 
determine a gas pressure, on the basis of a pre-set tidal 
volume for the patient (42) and measurement signals 
from the pressure meter (55. 60) and flew meter (58, 
62), for each breath and to regulate the gas flow gener- 
ator (52) so it generates the gas pressure, is described. 

56 



An improved breathing mode, better tailored to the 
patient is achieved when the control unit (66) is also 
devised to determine the gas pressure to be generated 
by the gas flow generator (52) on the basis of mediani- 
cal resistances and a variable con-esponding to the 
aggregate effect of the resistance and elastance of the 
lung& 
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Description 

[0001] The present invention relates to a ventilator 
according to the preamble to claim 1 . 
[0002] Assisted breathing is provided for patients 
retaining at least some ability to breathe spontaneously. 
Ideally, assisted breathing should eliminate needless 
breathing effort by the patient, be adaptable to any 
changes in the patient's condition, contribute to the pro- 
vision of good ventilation, especially In respect to the 
CX>2 level arxi remain stable, despite any changes in the 
interface between the patient and the ventilator. 
[0003] The resistance and elastance of tubing and the 
patient's ainways (including the lungs) all affect assisted 
breathing and the patients own breathing efforts. Since 
these parameters change, e.g. when the patient shift 
position, when the patient's condition improves or wors- 
ens etc., assisted breathing cannot be regarded as a 
constant function of the gas supplied in each breath. 
[0004] Volume support breathing (VS) is one resplra- 
tpry mode developed to supply assisted breathing. It is 
described, in principle, in fig. 1 . In VS the physician sets 
a target tidal volume to be achieved in each breath. 
When a spontaneous breath Is detected, the ventilator 
Imposes a first inspiration 2 of breathing gas. at a first 
positive pressure 4, on the patient. The volume of 
inspired gas is determined by measuring flow 6 in the 
first inspiration and integrating it over time. If the deter- 
mined volume of gas does not correspond to the pre-set 
tidal volume, the next inspiration 8 is imposed at a sec- 
ond positive pressure 10 higher than in the first inspira- 
tion. The inspired volume is determined by measuring 
the flow 12. A third inspiration 14 is imposed at a third 
even higher positive pressure 16, and measurement of 
flow 18 will show that the inspired volume exceeds the 
target volume. So a fourth inspiration 20 is Imposed at a 
fourth positive pressure 22 lower than the third positive 
pressure 16. The resulting flow 24 produces a tidal vol- 
ume In agreement with the pre-set value. 
[0005] Pressure limitations, an apnoea alarm, switch- 
ing to the controlled mode if apnoea occurs etc. are 
other functions in this operating mode. They contribute 
to good patient safety. Even if this mode is effective and 
frequently used by physicians, It still has room for 
improvement especially since it does not take into 
account nor adapt in an optimal fashion to e.g. changes 
in ainvay and equipment elastance and resistance. 
[0006] Proportional assisted ventilation (PAV) is 
anottier breatiiing mode. This mode strives to provided 
assisted breathing adapted to the patient's breathing. In 
simple terms, tills mode can be said to provide breath- 
ing assistance proportional to the patienf s attempts at 
breathing. The proportions can be e.g. 13. In PAV, the 
patient's elastance is viewed as a constant, and the tidal 
volume varies with (and is related to) the patient's 
efforts. 

[0007] The main disadvantages of PAV are Unat 
changes in tiie patients condition are not taken into 



account, and the regulatory system is based on positive 
feedbacK thereby making the system unstable. So this 
mode demands the almost constant attendance of a 
doctor by the ventilator to adjust ventilator settings. 

5 [0008] Automatic tut>e compensation (ATC) is a ttiird 
known breathing moda This is actually not a mo6e in 
itself but a way to oonpensate for the breathing resist- 
anoe that deveksps in a tractieal tube with which the 
patient is connected to the ventilate^'. When compensa- 

10 tion is provkJed for the tracheal tube's resistance, the 
patient shoukJ be Me to breathe as if no tracheal tube 
was present. (For a layman, spontaneous breattning 
through a tracheal tube can be likened to breathing 
through a straw. Such t>reathing Is very hard on a 

IS patient witti a diseased or damaged lung.) 

[0009] None of tiie breathing modes prcMfkles simulta- 
neous adaptation to variations in the patient's intrinsic 
breathing or a predictak)le level of CO2. 
[0010] One objective of the invention is to achieve a 

20 ventiiata capable of generating a breathing mode that 
resolves tiie aforementioned problems. 
[0011] This objective is achieved witti a ventilator 
according to the invention when the ventilator is devised 
as Is evident from the characterising part of dalm 1. 

25 [0012] Advantageous enrfoodiments and improve- 
ments of the ventilator are erident from tiie sukaordinate 
claims to claim 1 . 

[0013] When appropriate parts of known breathing 
modes are combined and these are comtaned with new 

30 components, a ksreatiilng mode is achieved witii the 
advantages of ottier txeathing nmles but wittiout their 
disadvantages. The new breatiiing nr»de regards e.g. 
tiie patient's elastance and resistance as a variable 
(aggregated into a kind of impedance). As in VS, a phy- 

35 sldan sets a target for tklat volume, but the ventilator in 
tiie new breathing nxxle compensates for resistance in 
tiie ventilator system (primarily in the tracheal tube) 
and/or for variations in the patient's 'Impedance', also 
comprising improvement inAworsening of the patients 

40 condition. The new breathing mode can therefore be 
referred to as 'compensated volume support' (CVS). 
[0014] In contrast to ordinary volume support. VS. the 
pressure level can be controlled during the inspiration 
phase of CVS. Each breath will then result in a supplied 

45 tidal volume conresponding to the selected tidal volume. 
IPOl 5] The ventilator according to the invention will be 
described betow in greater detaS, r^rring to attached 
figures. 

50 FIQ. 1 show fbw and pressure patterns for the 
known volume support (VS) k)reatiiing mode: 
FIG. 2 shows a model of a breathing system and 
ventilator in the form of a circuit diagram; 
FIG. 3 shows an emiaodiment of a ventilator acoord- 

55 ing to the Inventkxi; and 

FIG. 4 is a pressure-flow diagram of one breatiiing 
cyde. 
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10016] As noted above, FIG. 1 shows pressure and 
flow patterns for the known volume support (VS) breath- 
ing mode. An improvement in this operating mode is 
achieved according to the present invention when com- 
pensation is provided for resistances in the apparatus 
and tubing and for variations in resistance and 
elastance occurring in a patient's lungs and ainivays. 
[0017] This is schematically illustrated in FIG. 2 with a 
circuit diagram 26. Here, an analogy is made with elec- 
trical components and terminology. A first power source 
28 designates the gas pressure the patient's muscular 
efforts are capable of generating, and a second power 
source 30 designates the ventilator's contrit)utiQn to 
total gas pressure (the power sources accordingly cor- 
respond to sources of voltage in an electrical circuit) 
[0018] In this circuit diagram 26. a first resistance 32 
designates apparatus resistance, in particular resist- 
ance to flow in a tracheal tube connected to the patient. 
As a rule, the first resistance 32 is variable, since 
changes in the position of the tracheal tube and tut)ing 
have an effect on resistance to flow. 
[0019] A second resistance 34 and a capacitance 36 
con-espond to the resistance to flow and elastance of 
the patient's lungs respectively. Both tiie second resist- 
ance 34 and the capacitance 36 are variable. The sec- 
ond res'stance 34 and the capacitance 36 can be 
aggregated to form a (variable) inrpedance 38. 
[0020] A number of advantages are achieved when 
the impedance 38 is allowed to be a variable in determi- 
nations of the ventilator^ contraaution (the second 
source of power 30) to gas pressure during inspiration. 
[0021] The ventilator's contrit)ution to gas pressure 
can adapt more rapidly to changes in the patient's con- 
dition (both improvement and worsening) tiian previ- 
ously known breatiiing modes. This makes control of 
the ventilator more stable, and the risks othenwise asso- 
ciated with positive feedback are minimised. This also 
means that the ventilator does not need to be monitored 
the whole time by qualified medical staff. 
[0022] Since the ventilator's contribution is not fixed, 
as in PAV, the patient's and ventilator's respective contri- 
butions to breathing work can be determined and 
viewed on a display (or the equivalent) by medical staff. 
Such a presentation can be graphical or numerical (e.g. 
tiie patient's contribution in Ibrm of a percentage 
numbeir). Over time this distributkMi supplies important 
information on the patient's condition, especially ten- 
dencies Indicative of improvement in or worserting of the 
patient's condition. Trend data showing such changes 
can also be presented on the display. 
[0023] This new operating mode also results In a pre- 
dictable level of cartoon dioxide for the patient, since gas 
exchange is more uniform than in other adaptive breath- 
ing modes such as PAV. 

[0024] FIG. 3 shows an embodiment of a ventilator 40 
according to the invention. The ventilator 40 is con- 
nected to a patient 42 by a system of tubing consisting 
of an inspiratory tube 44, a patient tube 46 (primarily a 



tracheal tdbe) and an expiratory tube 48. 
[0025] Different gases can t>e connected to the venti- 
lator 40 through a first gas inlet 50A and a second gas 
inlet 506. The pressure and flow of supplied gases are 

5 regulated by a valve unit 52, and tiie gases are ttien 
mixed into a breathing gas in a chamber 54. During 
inspiration, breathing gas is sent to tiie inspiratory line 
44 for delivery to the patient 42. A first pressure meter 
56 and a first flow meter 58 can also be arranged in the 

10 f tow path up to the inspiratory line 44. 

[0026] During expiration, expired tveathing gas and 
any bias flow of ^s from the ventilator 40 are carried 
through the expiratory line 48 back to the ventilator 40. 
A second pressure meter 60 and a second flow meter 

15 62 are arranged in this f tow patii. An expiratory valve 64 
regulates the discharge of gas Into atmosphere (or Into 
an evacuation unit). The expiratory valve 64 can e.g. be 
controlled to maintain a specific end pressure after each 
completed exhalation, i.a a positive end expiratory 

20 pressure (PEEP). 

[0027] A control unit 66 conb-ols ami monitors all func- 
tions in the ventilator 40. The operating mode and refer- 
ence values for the operating mode can be set on a user 
Interface 68. Other information of interest such as tiie 

25 patient's weight, the diagnosis, tiie type of tuljing (tiie 
tiacheal tube In particular) etc.. can also be entered via 
tiie us^ interface 68. The reference values, actual val- 
ues and different event sequences during breathing 
cycles can be presented on a display (monitor) 70. 

30 [0028] the control unit 66 is designed to control tiie 
valve unit 52 and the expiratory valve 64 so the selected 
operating mode is maintained with the programmed 
pEirameters, e.g. pressure, PEEP, breathing rate, tidal 
volume, minute volume, inspiratory duration, triggering 

35 level etc. 

[0029] More specifically, the control unit 66 is devised 
to control at least the ventilator 40 according to the 
aforementioned modified volume support mode, viz. 
compensated volume support (CVS). 
40 [0030] As shown in tiie above-described circuit dia- 
gram for the model used, tiie following equation can be 
set up for tiie required pressure contribution Pyent made 
by tiie ventilator: 

« Pvent-{Rapp*V' + lp,/V)-Pp«t 

in which Ropp is apparatus resistance (tiie tracheal tube 
in particular). V is flow through the tubing (the tracheal 
tube in particular), Ipat is tiie patient's aggregate 

so elastance and resistance, V is tidal volume and Ppat is 
tiie pressure tiie patient is capable of generating. Appa- 
ratus resistance Rapp can be determined e.g. by calcu- 
lations based on geometric conditions or in some other 
appropriate fashion. The ftow V can be measured witii 

55 a ftow meter. Patient pressure Ppat can be measured 
with a pressure meter. Tidal volume V is entered as tiie 
target value to be achieved. Determination off Py^nt ^ 
be made explicitly in every breathing cycle or as the 
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result of an error function over a plurality of breathing 

cycles. 

[0031] A particular advantage of the new operation 
mode is evident from FIG. 4. which shows one breath In 
a volume-pressure diagram (using the parameters as 
defined in the above equation}. A first curve 72 shows 
the patient's breatNng capacity, and a second curve 74 
shows the ventilator's contribution to breathing. Hie 
patient is capable of generating the pressure Ppat atwve 
PEEP (indicated as a vertical line in the diagram) and 
receives assistance from the ventilator In reaching the 
volume Vt (said assistance consisting of Pvent)- 
[0032] The pressure PIP is necessary for achieving 
the tidal volume Vt (entered as a first horizontal line 78 
in the diagram). Wrthout breathing assistance contrib- 
uted by the ventilator, the patient would only achieve the 
volume/breath designated as Vp (indicated as a second 
horizontal line 80 in the diagram). The two volumes, i.e. 
Vt. Vp. have been designated as variables with the 
arrows 82, 84. 

[0033] On the basis of this diagram, the breatiiing con- 
tributions made by the patient and ventilator respec- 
tively can be determined and entered on the display. 
This can e.g. be performed wifli graphic display of the 
diagram or by having tiie control unit calculate the 
respective contributions and stating them, e.g. 25% by 
the patient and 75% by tiie ventilator. In addition, trend 
data showing tiie changes in the respective contribu^ 
tions over time can also be displayed. 
[0034] Detailed realisation of the cbnf ol unit can be 
achieved with hardware, software or any combination 
thereof. 



display (70) connected to the control unit (66). 

4. The ventilator according to claim 3, characterised 
In that tiie comrol unit (66) is devised to calculate 

5 mechanical breathing support for each breath, said 
mechanical breathing support being shown on the 
display (70). 

5. The ventilator according to claim 3 or 4, character- 
10 ised In that the control unit (66) is devised to calcu- 
late the pati^t's (42) breathing activity in each 
breatii, said breathing activity being shown on the 
display (70). 

IS 6. The ventilator according to daim 4 or 5, ciraracter- 
Ised In that tiie control unit (66) is devised to deter- 
mine trend changes over time of its calculations, 
said trend changes being shown on the display 
(70). 

20 
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Claims 

3S 

1.. A ventilator (40). designed for connection to a 
patient (42) in order to supply assisted breatiiing, 
comprising a gas flow generator (52). a pressure 
meter (56. 60), a flow meter (58. 62) arid a control 
unit (66) devised to determine a gas pressure, on 4o 
the basis of a pre-set tidal volume fbr tiie patient 
(42) and measurement signals from tiie pressure 
meter (55. 60) and flow meter (58, 62), for each 
breathing cyde and to regulate the gas flow gener- 
ator (52) so it generates tiie gas pressure, charac- 4s 
terlsed In that tiie control unit (66) is also devised 
to detemiihe tiie gas pressure to be generated by 
the gas flow generator (52) on tiie basis of mechan- 
ical resistances and/or from a variable correspond- 
ing to the aggregate effect of the resistance and so 
elastance of the lungs of tiie patient. 

2. The ventilator according to claim 1 , characterised 
in tiiat tiie mechanical resistances comprise resist- 
ance to flow in a tracheal tube (46). ss 

3. The ventilator according to dalms 1 or 2. charao- 
terised In ttiat the ventilator further comprises a 
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